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Trace polarizability spectra from Ar , quasimolecules in collision-induced scattering
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The experimental Artrace-polarizability collision-induced scattering spectrum is reported in absolute units
and over a large range of Raman frequency shifts, up=td00 cm 1. At frequency shifts above 60 cm, the
measured spectral profile falls off exponentially. We were able to record the far wing down to intensities that
are two orders of magnitude smaller than those of the previous work. While the long ago predicted insuffi-
ciency of the dipole-induced dipoléDID) or DID-like trace models is confirmed, reliable fully quantum
computations based on a modern approach show thatitheitio Dacre’s tracd P. D. Dacre, Mol. Phys45,
1(1982] accounts well for the frequency dependence of the experimental spectrum differing only by a scaling
constant[S1050-294P7)05905-3

PACS numbgs): 32.70—-n, 32.80.Ys, 33.20.Fb, 33.76w

[. INTRODUCTION complete bibliography reviewing CILS studies up to 1989
can be found in Ref.11]). Nevertheless, as yet this literature
Depending on the interatomic forces, the polarizability ofhas almost been monopolized by investigations on depolar-
a cluster of inert atoms is a key element for both the qualiized spectrdoften also known as anisotropic spegtirathe
tative and the quantitative understanding of several macrovicinity of the Rayleigh line. After a straightforward com-
scopic properties of a dense fluigecond- and higher-order parison of the experimental depolarized spedier,12,
virial coefficients of the dielectric constant, refractivity, and with those obtained theoretically by means of either classical
optical Kerr constant Providing that the sample remains or semiclassical[12—14 or fully quantum approaches
non-reactive in the encounter during the process, scattering,10,15,18, we are strengthened in our conviction that sat-
spectra are the fingerprints of the interaction-induced variaisfactory, physically meaningful anisotropy schemes do exist
tions of the cluster polarizability manifesting themselves by[17], that they are able to reproduce within a reasonable ac-
non-violent interatomic collision§l,2]. At sufficiently low  curacy the spectrum at least up to 400¢nj10], i.e., the
densities only binary interactions are physically relevantupper bound of the as yet available experimental {ah
These interactions make the polarizability of the “cluster” Besides, as regards trace spedodien called isotropig
differ from the sum of thgpermanentpolarizabilities of the  much less work has been done and experimental results are
two separated atoms for at least two reasor(s: because of scarce. With this regard, Frommhold and Proffitt were the
the fluctuating local field of a neighboring atom differing only ones to record, for the longest time, the weak isotropic
from the external field of the light sourcéii) because of signal from gaseous Af18]. In that experiment, pioneering
short-range exchange effects and dispersion forces defornfer its time, the explored frequency range was limited to
ing the electronic distribution of any single atom and affect-230 cm . In comparison with theory18,19, they con-
ing its “permanent” polarizability] 3,4]. cluded that no existingb initio polarizability model is able
The so-createdhducedpolarizability is a function of the to satisfactorily reproduce their spectrum. An empirical trace
interparticle distance. Its tensor is characterized by two fitting the experiment was, however, proposed therein whose
invariants commonly known as thieace and theanisotropy  physical meaning as yet remains questionable.
both of which depend on and may induce scattered inten-  Here we report experimental data in absolute units on the
sities with specific light polarizations. As concerns their Ar, collision-induced scattering spectrum at room tempera-
mechanism, binary collision-induced light scatterf@LS) ture. The present work is a confirmation of the only previ-
spectra from atomic systems can be seen as analogs of thesly reported observation of collision-induced trace scatter-
familiar rotovibrational Raman spectra from diatomic mol- ing and, at the same time, an extension of the previous work
ecules. It should be noted that also absorption processes €X8]. A large frequency range extended upus 400 cm !
perience a similar parallelism, where binary collision-is probed. Intensities weaker than the ones previously mea-
induced absorption spectra can be seen as the counterpartssofed by more than two orders of magnitude are recorded. A
common rotovibrational infrared spectra from diatomic mol-complete and systematic quantum analysis of the light scat-
ecules[5]. Especially for gaseous argon, experimental andering intensities is performed for the same frequency range
theoretical evidence from binary scattering spectra has tand several trace models are checked and compared with the
date been provided in a plethora of pape8s11] (for rep-  experiment. From this analysis, a new semiempirical trace
resentative works from different groups, see Rffs:10); a  model is obtained that permits the computational reproduc-
tion of the measured trace spectra.
The paper is organized as follows: In Sec. Il the condi-
* Author to whom correspondence should be addressed. tions of the experiment are briefly described and the details

1050-2947/97/56)/34847)/$10.00 55 3484 © 1997 The American Physical Society



55 TRACE POLARIZABILITY SPECTRA FROM Agp . .. 3485

in collecting the isotropic intensities are stressed. In Sec. Il TABLE |. Experimental intensitiegin cmP) of the isotropic
the theoretical method for calculating the spectrum is brieflyAr, scattering spectrum aT=295K, as a function ofv (in
given, together with the computational implementation. Re<m %) in the interval 66<»<400 cm *. A drastic attenuation of

sults are presented and discussed in Sec. IV. Concluding réle isotropic intensity is found with increasing corresponding to
marks are given in Sec. V. five orders of magnitude between=60 cni * and »=400 cni .

Intensities in parentheses denote estimated experimental values.

Il EXPERIMENT v(em ™) lso(em®) (e Iigo(cnP)

The isotropic collision-induced scattering intensities of ar- 60 (1.13x10°%9) 220 8.85¢ 10-5°
gon are measured by making use of an experimental setup 65 1'34% 10-56 230 6'44< 10-59
previously described within the study of the depolarized light ' s ' oo
scattering[12]. We use the green line\&514.5 nm) of a 70 L1 10757 240 4.7k 10759
2.5-W argon-ion laser. The gaseous argon is provided by the & 5.00¢ 10757 250 3.2% 10759
L’Air Liquide Company with residual impurities of about 1 80 8.89< 10 260 2.51< 10 o
ppm. The sample is contained in a high-pressure four- 89 6.24< 10°° 270 1.66< 10°°
window cell and stabilized at a temperatufie=294.5 90 4.30< 10" 280 1.25¢10°%°
+0.5 K. Argon densities are deduced from pressures mea- 100 3.8% 10°% 290 9.6 107
sured within an accuracy of 1% and using physical vapor 110 3.26¢ 107° 300 6.76< 107
transportPVT) data from Ref[20]. To obtain isotropic scat- 120 2.45¢ 107 310 4.94< 107%
tering spectra two types of intensities were collected, 130 1.6 107°7 320 3.64< 10°%°
namely,ly andly,, corresponding to the light scattered by 140 1.1x 10°%7 330 2.70< 10°%°
the gaseous sample with the laser polarization, respectively, 150 7.5% 1078 340 1.76< 10°%°
parallel and perpendicular to the scattering plg2H. Rota- 160 6.40< 10758 350 1.60< 10790
tion of the polarization vector of the laser beam is possible 170 3.9% 10758 360 1.06< 10750
by using a half-wave plate associated with a glan prism. For 180 3.04¢ 10758 370 8.4 10 %
each Raman shify, I4(v), andI(v) may be written as 190 2.25¢ 1078 380 7.15¢ 10782
functions of the isotropit,so(v) and of the depolarizethn- 200 1.6 10758 390 (4.47x10°%Y
isotropig 1,(v) components, following the equatiof,22]: 210 1.14< 10758 400 (2.59x 1061

Ih(v)=aligo(v)+dly(v), (1)

_ plains whyl 5o, for the low-frequency domain<60 cm ! is
h(v)=Ccliso(») +bly(»), @ easured within a poor accuracy and is not given in Table I.
wherea, b, ¢, andd are coefficients depending on the col- However, estimations of the experimental intensities in this
lection angled, of the scattering beam. For the limiting frequency domain can been made and are given in Fig. 1.
value 6,=0 one obtainsa=0, b=1, andc=d=1. When  OUr spectra are obtained u? to 400chusing large slit
defining the depolarization ratio by,(v)=14(¥)/1y(v), widths varying from 4—8 cm™ according to the frequency

Egs.(1) and (2) provide probed. Each measurement is further corrected in order to
take into account the wavelength dependence of the spectral
d—by,(v) sensitivity of our apparatuglouble monochromator and pho-
liso(v) = cm-a Ly(v). (3 tomultiplier).
In our experimental setup the scattering angle was chosen Ill. THEORY AND COMPUTATIONS

0.=6.2°. Whatever the frequenay this choice gives rise to
the conditiona<c,, establishing the following expression  In order to perform an accurate quantum analysis of the
for the trace spectrum: Ar, system, a modern methodology is applied as described in
Refs.[10,16. This methodology allows for the systematic
BES computation of frequency-resolved and -integrated Rayleigh
hiso(v)= nn(v)—1.169 (). 4 and Raman spectra from stable, metastable, and free Ar
dimers over a large band of frequencies, and is based on a
From this equation, the values of the isotropic intensities irsuitable combination of an analytical discrete variable repre-
absolute units are deduced directly from the correspondingentation (DVR) [23,24 coupled to a propagativéFox-
intensities for the anisotropic spectrunf{») measured pre- Goodwin [25,2€ integrator. This DVR consists in a simple
viously, also in absolute uni{d2]. Consequently, the accu- numerical procedure that can be programmed in a few lines,
racy of the collected data on isotropic intensities depends owhere the matrix elements of the potential operator are diag-
that of thel,(») and »,(») measurements. In the particular onal while those of the kinetic energy operator are analyti-
case of probing low-frequency shift regions, collision- cally known [27]. It is noteworthy that, by means of this
induced scattering is almost completely depolarized, deinplicit basis-set method, discretization of the low-energy
scribed by a depolarization ratio of the valdeas v ap-  continuum(If) becomes possible as w¢ll6]. When transi-
proaches the unshifted Rayleigh line. As a consequencéions between boundd, metastablerf), or low-energy free
difficulties will appear in the precise measurement of the(lf) states of the quasimolecule are involved, the DVR pro-
difference n,(v)— &, i.e., the numerator of Eq4); this ex-  vides an efficient means to systematically compute accurate
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Aa denoting the incremental trace function of the dimer.
Discrete summations in Ed5) are over bound or sharp-
resonance states where index(n) characterizes the initial
(final) state with energyE . ; for all transitions departing
(arriving) from (af) sharp resonances or bound states it is
d€mm=1. For transitions departingarriving) from (af)
broad resonances or pure scattering states embedded in the If
continuum(for which the DVR discretization procedure still
accounts well it is d€emmy=Emn)+1— Em) - Finally, for
0 100 200 300 400 transitions departindarriving) from (a) hf states, normal

v (Cm‘l) integration should be made adé,,— dE, the latter being
approximated by a constant integration stelp; it is note-
worthy that AE can be given a relatively large value

FIG. 1. Trace(isotropio intensities (,sg) of Ar, collision- 1 .
induced scattering spectfin cm®) at T=295 K versus frequency (10-20cm ) to accelerate computations. For valuesJof

(in cm™Y), illustrated in semilogarithmic scale. Filled circles stand Créating a three-turning point effective interaction potential
for our experimental measurements where uncertainties are ind(Var), the lower bound in the integral should be chosen as
cated by error bars; open circles represent estimated experimentdle barrier top Of\/gﬁ. ¥mn),s denotes wave function of a
intensities in the extremities of the frequency domain probed. Thdevel with energyE ) (discrete or ngtwith the same rota-
form of the spectrum seems to reveal a purely exponential fretional quantum numbel for both the initial and final states.
quency law. Crosses denote measurements from the previous eRonstant L stands for the de Broglie wavelength,
perimental work[:_%4]. Curves stand for the different trace mod- —p/ /27T,LL|(T; k is the Bolzmann constank stands for the
els:  DIDcor (solid curve, DID (long-dashed curve and PKF  \ave number of the scattered wave dgdor the laser wave
(_short-d.ashe(_j cur\)eThe s_Iope of DID and DIBgg tracg models numberko=2m/\_ : with A, =5145 A the laser wavelength
(in Sem'log"i‘rl'thm'c Scal'ed'ﬁ?rs fro".] that of the eXpe”ment: Be- at the green spectral line of argon. When hf states are in-
yond 60 cm - the spectrum is practically purely rototranslational. volved, thes function drops one of the two integrals, but in
all other caseginvolving discrete summatiopnst should be
substituted by an, as realistic as possible, instrumental slit
function convoluting the spectrum. Here a triangular func-
eigenenergies and wave functions; propagative techniquegion of unit area(denoted byA in distribution theory is
so far monopolizing collision-induced studies, can give riseused, deriving from the convolutiom(=IT*IT) of two iden-
to instabilities due to théin principle) unguided choice of tical (spectrometérslits, each represented by an ideal rect-
the initializing energies in a multidiscrete-level quantizedangular function of unit are@enoted byll); the width of the
system. In addition, when mean potentigéffective one- A(v) function at half maximum is chosen to be 4 ¢thto
dimensional potentials describing many-body interactionssimulate experimental conditiorisee Sec. )l The coupling
are treated, usually extracted from radial distribution func-functionA«(r) stands for the trace of the polarizability ten-
tions with structure, it turns out that ordinary propagativesor of the quasimolecule. Here, four trace models are
techniques and matching procedures are particularly inad=hecked. . _ _
equate due to the multitude of successive classically forbid- () The two-term dipole-induced dipole modeDID)
den and allowed regions of the potential. On the other hanc[,3’3o]3
transitions involving high-energy free staigd) of the dimer 4“8 4a3
can be handled safely only by a propagative approach, set up Aa(f)=-—5+—3. (6)
within a mixed procedure. In this work the two-point Fox- 3 ) o
Goodwin algorithm(coupled to the DVRRis used, building whereay=11.33&; stands for the dynamic polarizability of
up the ratio of the wave function at adjacent grid points.tn€ argon atom at the green argon laser wavelengthagnd
Note, in passing, that apart from its simplicity and stability, for the Bohr radius. _
this integrator can be extended toNax N matrix form to (ii) The corrected DID trace (DIRg), attempting to ana-
solve the much more complicated multichannel problenfYtic@lly model the London dispersion effects in terms of the
(where more than one physically relevant potential surfacelYPerpolarizabilityy and the(positive van der Waals coef-
are coupled to each other by either interatomic, intramolecuficiént Ce [31]. This correction has an impact already on the
lar, or radiative fieldseven when the interaction persists at [I'St nonzero term of the DID expansion, which now reads
infinity [28].
As regards our problem, trace spectra are computed by A _ 57C6] i L Aj
. : m, ra a(r)= st ==t , ()
using the following equatioh29]: 9ag | T r

107° DID, DID
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whereAg= 96653, 0.35 bohr; the upper bound in the integral over energy is
(i) The empirical Proffitt-Keto-Frommhold (PKF) chosen to be 3000 cnt, and the corresponding integration
model, fitting their experimental trace spectrisee Sec.)] stepAE=10 cm %; the maximum angular-momentum quan-
[8]: tum number is taken 700, where dllare computed in the
interval 0—100, while, forJ>100, matrix elements are cal-
()= E—t exp{ _ r_ff} ) culated only every ten values dfand then interpolated to
r 0 R; give intermediate values. The response of this procedure was
carefully checked and compared with the full computation,
where the values of the parameters have been determined gviding an excellent accuracy withit0.05% for anyv
to=0.2143, 0=6.34,, andR,=0.764,. but accelerating computations by a facter7. The trace
(iv) The ab initio self-consistent fieldSCH model of  spectra are then computed by using Ex).and following the
Dacre[17], properly taking into account théshort-range  same methodology as for the depolarized ofiesmore de-
overlap and exchange phenomena but neglecting any elegails, see Refs[10,16]). In view of the large experimental
tronic correlation. Given that this model was not obtaineduncertaintie§several tens of % the computed intensities are
with the inclusion of configuration interactiotwhich is  obtained by optimizing all numerical parameters, aiming at a
known to be essential for such workDacre’s results are good compromise between comparative accuracy versus nu-
certainly not the last word on the topic; however, it is truemerical economy. In this way, the overall numerical error
that they are still the most advanced in existence. relative to the computed intensities is evaluated between
Dacre’s computations were based to some extent on ent.5% and 5%, depending on the frequency region, while that
pirical scaling factors; very substantial counterpoise correcen the zeroth-order moment is estimated to about 3%. The
tions were required. The SCF trace used here contains th&ziz-Slaman potentigl32] is used for all computations, cor-
counterpoise corrections and is taken in numerical form fronresponding to one of the best Ar-Ar interactions ever pro-
Ref.[17] [see(column 6 Table 4 thereifh Given that over- posed. Finally, cubi® splines[33] are applied to both po-
lap and exchange effects become insignificant at large intetential and numerical trace models to convert them to
particle separations, the SCF trace has to join the DID modgliecewise analytic functions.
asymptotically; however the resulting asymptotic model dif-
fers from the expected DID one by a scaling constant, as if
the Ar polarizability were given the fictitious valuegcg

=10.384. To remove this inconsistency, scaling of the  Taple | shows the experimental trace intensitigsg (in
SCF trace function has been proposed by the constarin®), as a function ofr. For »>100 cmi'! the intensities
(ao/asch®. This operation gives rise to a new model, the deviate progressively from those illustrated in the previous
so-called corrected SCF (Sgéw) [19]. experimental wor8] (and that are also shown graphically
As regards the DVR part of our mixed algorithm, a box in Fig. 1[34]). Table Il confronts experiment with theory for
extended to interatomic distante 60 bohr is used and vari- representative values of and for both the DID and SCF
ous grids are checked ranging fra¥=150—400 points. Re- trace functiongsee Sec. IIl, model§) and (iv)]. The ratio
ported results have converged withinl% for all transi-  between experimental and theoretical intensities is also given
tions. The analytical Hamiltonian matrix is repeatedly for both models. In the case of tiielassical DID, this ratio
diagonalized for all even values df in the interval 6<J  gradually decreases with increasingwhile that referring to
=<J. with J;.=58. Only in this interval can bound, shape- theab initio SCF trace remains quasiconstant throughout the
resonance, and low-energy scattering states be accommentire (76<»<380 cm ') frequency domain. Figure 1 illus-
dated, given that the effective potential presents a threerates experimental intensities from our gro{gircles, to-
turning point topology ther¢l16]. Only the elgenvalues of gether with those of the previous experiméatosses[34]
the Hamiltonian matrix lying below the barrier tdf)C are  (for error bars referring to this latter experiment, we address
retained for each value of. Among those eigenvalues, the reader to Ref.18]), compared with our calculated spec-
negative energies correspond to bound states and thereforetta (lines) for both the DID and DIRyg models. Experimen-
stable dimers. Positive energies, on the other hand, corrdéal error bars are also shown on our data. As one sees, ex-
spond to the continuum, which is embedded in the two poperimental measurements present high uncertainties
tential wells formed by, and the right edge of the box (>50%) for frequencies<80 cm ' and =350 cmi*. The
(discretization of the continuumThe latter eigenvalues ac- first type of uncertainties, at low frequencies, comes from the
count for (i) sharp resonances, associated with pred|ssoc|afact that depolarization ratios approach their maximum value
ing (metastablgdimers and(ii) low-energy pure scattering (%) as»—0, while the second one, at high frequencies, sim-
states and broad resonances, associated with low-energy frply comes from the absolute feebleness of the detected sig-
Ar-Ar quasimolecules. The nature of each of the positivenal. Since bound or predissociative states do not perturb the
energy states is distinguished by means of a simple techniquepectrum beyond 60 cit (where experimental data are
described in Ref[16]. given within a reasonable accuragcyhe difference between
For quantum numberg>J. only hf states exist, for |50, and its high-energy rototranslational hf-hf component
which the DVR alone is inappropriate. The Fox-Goodwinbecomes practically indiscernible. For<60 cni * (where
outward propagator of our mixed procedure is then automatiexperimental measurements present uncertainties exceeding
cally activated. Numerical parameters are chosen as in th&#00%9, experimental intensities are meaningless; estimations
previous studies for the anisotropic spectriuii]; namely, a  of their values are however indicated and are represented by
spatial grid extended from 3 to 150 bohr with a grid step ofopen circles. As Fig. 1 suggests, at intermediate frequencies

IV. RESULTS
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TABLE Il. Comparison between experimental and theoretical spéictan®) for representative values of
v (in cm™1). Two trace functions are examined: ttofassical DID model and théquantum SCF one. For
both models the ratio experiment: theory is also given. The insufficience of the DID to describe the entire
frequency interval is clearly seen. For the SCF trace, the almost constant ratio shows that, surprisingly, the
frequency dependence of the experimental spectrum is well reproduced.

v(cm1) Experiment  DID (c)  Experiment: Theory  SCF (cth  Experiment: Theory

80 8.89x10°% 2.80x 1075 3.2 1.07x 10756 0.8
100 3.89<10°%  1.42x10°%7 2.7 6.04x 10°%7 0.6
120 2.45¢107%  7.46x 1058 3.3 3.24x10°%7 0.7
160 6.40<10°%8  2.24x 1058 2.9 8.73x 1078 0.7
200 16710758  7.36x10°5° 2.3 2.34x 107 %8 0.7
220 8.85<107%°  4.34x1075° 2.0 1.22<10°%8 0.7
240 471x10°%°  2.59x10°%° 1.8 6.39<10° % 0.7
280 1.25¢10°%° 9.68x 10 60 1.3 1.81x10°%° 0.7
300 6.76<10° %0  6.04x 10 60 1.1 9.74x 107 %0 0.7
340 1.76<10°%0  2.45x107°6° 0.7 2.91x 1070 0.6
360 1.06<10°%0  1.59x 10760 0.7 1.60<10°%° 0.7
380 7.15¢10°%1  1.05x10°6° 0.7 8.89x 10~ %1 0.8

(70<»=<200 cni'), DIDcog reproduces well the experi- older experimental spectrurfrestricted to a much smaller
mental spectrum becoming insufficient in the far wings. Thefrequency domain[8] whose intensities are clearly different
asymptotic DID trace, on the other hand, displayiimgsemi-  from ours beyond 100 cit in the commony domain.
logarithmic scalg the same slope as that of the QiEx In Fig. 2 the experimental data are again shown in com-
model, joins the experimental spectrum from below. Bothparison with theab initio Dacre’s trace functiongsee Sec.
DID and DIDcor, however, are unable to describe the entirelll, model (iv)]. Since these functions differ by a constant,
frequency interval probed. In the same figure, the PKF modethey again both exhibit the same slope in semilogarithmic
[see Sec. lll, modsiiii )] is shown as well. From comparison scale. However, to our pleasant surprise, these models are
with our measurements we conclude that the response of th&en to remarkably reproduce the slope of the experimental
PKF model for this set of parameters is not satisfactory. Thigpectrum(in semilogarithmic scaleall along thev interval
finding should be expected since the PKF model has beewhere experimental data are meaningful. This observation
conceived(and its parameters have been adjustedit the  suggests a new model resulting from the Dacre’s SCF trace
by simply a scaling constant. The value of this constant is
estimated to about/0.7=0.85, as one deduces from Table
Il. Its physical meaning, although still unclear, should be
searched in the notion of a global negative contribution to
the induced polarizability trace that will no longer converge
to the ordinary DID asymptotically.

In Fig. 3 the contribution of the stable and predissociating
Ar, dimers (p,m) is illustrated as an example for the
DIDcogrtrace. The contribution of the free Adimers corre-
sponding to the continuum with energies below that of the
potential barrier(If) (discretization of the continuumis
shown there, as well. All these transitions have impact only
on a limited v range as is also the case for the depolarized
spectrum. Transitions involving stable and predissociating
dimers give clearly rise to two lobes, respectively, peaking at
v==+18cm ! of the Stokes and anti-Stokes spectral sides.
In the vicinity of the origin a steep peak is found, corre-
sponding to the unshifted Rayleigh response of themol-

400 ecule. Attempting to simulate as closely as possible the ex-
perimental conditions, & instrumental slit of width at half
maximum equal to 4 cm' is used, giving rise to a Rayleigh

FIG. 2. Same as in Fig. 1, but for the S@$olid curve and  P€ak of triangular form centered at=0 and settling down
SCReor (dashed curvetrace functions. The slope of the experiment beyond =4 cm™* (see Fig. 3. This peak(where all three
(in semilogarithmic scaleis perfectly reproduced by both models. types of direct transitions, i.eb-b, m-m, and If-If, have
This finding enables one to conceive an optimal mdeeleast for ~ their absolute maximumgoes up to values exceeding 50
v>60 cn ! where measurements are sufficiently accyrdttfer-  times those of the lobe maxima.
ing by the Dacre's trace by a scaling constant. As regards integrated spectra, it should be stressed that
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TABLE IV. Partial contributions to the zeroth-order moméint
10 A5 and in % from transitions involving stableh), predis-
sociating (), and high-energy freéhf) Ar, quasimolecules. As an
example, the DIRyg trace model is given. Stable and quasistable
dimers contribute about 14% of the integrated intensity. Transitions

contributing<<0.5% to them, are not reported.

0.00
0.0006 |- -15-8 0 8 13

mO,b— m

0.05
0.5%

My Mg hi-hf Mop-b Mo m-m

9.57
85.4%

11.23
100 %

0.998
11.3%

0.241

0.0004 |- 2.5%

Lso (107 ecm?)

Finally, in Table IV the partial contributions to the zeroth-
order moment from stable, predissociative, and freg Ar
quasimolecules are computed, and given for the L
model. Transitions contributing<0.5% to them, are not
reported.

In order to illustrate the strong dependence of the com-
puted spectra with the trace model checked, we calculate the

FIG. 3. Rovibrational Raman components of the trace intensitie .econd virial coefficient of the dielectric constaj, de-
(Iiso) (in cmP) at T=295 K versus frequencyin cm™1) for both ined as[3]
the Stokes and anti-Stokes spectral sides in the inten&0< v
<50 cni ! where rovibrational structure is very pronounced. As an
example, the DIRgg trace model is illustrated. A triangular slit of
width at half maximum equal to 4 ci is used to simulate as
closely as possible the experimental conditions in this interval. Dif-whereV(r) stands for the interaction potential andfor the
ferent types of transitions are illustrated: bound to bound stated\vogadro’s number. In Table V, the values of tBe are
(b-b) (thick solid curve; bound to predissociating states and in- given as they bear out from our computations for different
versely p-m) (thick dashed curye predissociating to predissoci- trace models, and compared to experimental ones given by
ating states r-m) (thin dashed curve low-energy free to low- other groups in previous studi€8,35]. We see that the the-
energy free statedf-If) (thin dashed curye All the three direct  oretical value when using the SCF trace is much smaller than
transitions(b-b, m-m, and If-If) have the absolute maximum at  those corresponding to the DID or DBg models, and than
=0 giving rise to a sharp Rayleigh peak. At==18cm ' the  those of the experiments. The explanation for this feature
rovibrational Raman lobes peak for both stable and predissociatinggmes probably from the fact that Dacre’s trace acquires
quasimolecules. In the inset the region aroundO is enlarged in large negative values at short distances, thus giving rise to
order to show up the sharp isotropic Rayleigh peak due to rovibraganeellations in the integral of E¢9). On physical grounds,
tional transitions. Its inten;i_ty exceeds that of th_e lobe maximay,q origin of this behavior should be searched in the fact that
formed by the same transitions, by 50 times. This feature of the, o ronic correlation has been omitted in #teinitio quan-
Isotropic scattering spectrum should be contrasted to that for th?um chemistry calculations. This electronic correlation is ex-
anisotropic one. " oo

pected to add a large positive contributionBg.

) ) As overall additional remarks, large deviations are
due to the absence of accurate experimental data in the loWnarked in the computed isotropic intensities when using dif-
frequency domain ¥<60 cmi '), moments referring to ex- ferent trace models, confirming conclusions of previous
perimental intensities are highly uncertain and their compariyorks. When comparing with the depolarized,Apectrum,
son with the theoretical spectra has only a very limitedcomputed isotropic intensities are by far more sensitive to
meaning. However, a value for the zeroth-order momenihe choice of the trace than what depolarized spectra are for
(mo) is indicated in Table Ill, obtained by interpolation of gifferent anisotropy models. The isotropic intensities are
the experimental data in the low-frequency part betweennych weaker than those of the anisotropic spectrum, giving
Stokes and anti-Stokes spectral sides. For the sake of COffse to zeroth-order moments smaller than the anisotropic
parison, thg theoretical zeroth-order moment is also comgpes by at least two orders of magnitude. The percent con-
puted, and is shown there for two trace models. tribution of the stable, predissociating and free, Auasi-

0.0002 —

0.0000

w -V
Bf%szzf Aa(r)eXp‘ kir)]rzdr, 9
0

TABLE IIl. Isotropic total zeroth-order momentsmg) ex- TABLE V. Second virial coefficient of the dielectric constant
pressed in 10* A5, Calculations are done by making use of both B, at 322 K, expressed in ¢hmol 2. Results are reported by mak-
experimental and theoretical spectra for two representative trackg use of the DID, DIRog, and SCF trace models. Comparison is
functions, i.e., the PKF and DID models. Accuracy is within 3%. made with two experimental results from other groups.
Parentheses denote estimated experimental values.

Experiment Theory
Experiment PKF DID

Ref. [8] Ref. [35] DID DID cor SCF
(5.9 1.87+0.06 3.470.10 0.73 1.76-0.05 2.37 3.82 0.040
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molecules to the integrated trace intensities are generallfhe information coming from our measurements revealed
comparable to those for the anisotropic spectrum. Howevepectral intensities that diminish exponentially with fre-
in the case of the isotropic spectrum and for all modelsquency (at least forv>60 cm 1), attaining signals weaker
checked, stable and predissociating dimers populate a largéran the smallest isotropic intensities observed so far by
frequency domain € 50< »=<50 cm ) than that of the an- more than two orders of magnitude. In opposition to aniso-
isotropic spectrum € 10<v<10cm ') [16]. In addition, tropic spectra, where the quality of a measurement is im-
the ratio of the rovibrational Rayleigh peak over the intensityproved with decreasing, experimental measurements in
of the corresponding rototranslational background around trace spectra are highly uncertain also in low frequencies
=0 is much more pronounced for the isotropic spectrum(v<60 cmi 1), progressively deteriorating as decreases
than for the anisotropic one for the same slit function. Infurther. In order to simulate the aforementioned spectra, the
order to explain the cause of this pronounced Rayleigh peauantum theory was applied by making use of a modern
as compared to the Raman structure, we recall that, in corsystematic and reliable mixing approach. From the compari-
trast to the anisotropic spectrum where selection rules argon between experiment and theory we concluded that, al-
AJ=0, =2, in isotropic scattering only transitions conserv-though no model is completely satisfactory, the SCF trace

ing angular momentumXJ=0) are allowed.

V. CONCLUSION

The extremely weak Artrace spectrum was measured
with an incomparable accuracy and over a large frequency

domain extended up te=400 cm ®. This interval exceeds

by far that a previous experimental study, which was so far

reproduces well the functional dependence of the experimen-
tal spectrum beyond 60 cm. This remark enabled us to
propose a model resulting from the SCF one by just a scaling
constant(<1). Work thereon is in progress in our institute.
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